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Inferred rates of Esrrb dynamics
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rise	 to	 both	 green	 and	 blue	 progenies.	 In	 C.iv,	 however,	 the	 joint-probability	 of	 observing	 the	 same	
configuration	is	significantly	higher	when	the	third	cell	 is	 in	the	green	state	than	when	it	 is	 in	the	blue	
state	(boxed	in	red),	consistent	with	the	fact	that	red	cells	can	only	give	rise	to	green	cells.	To	infer	the	
dynamics	of	the	irreversible	cycle	(C.v),	we	used	three-cell	correlation	functions	(see	STAR	Methods).	(D)	






reversibility.	 Deviation	 of	 the	 inferred	 rates	 from	 the	 actual	 rates	 as	 a	 function	 of	 number	 of	 trees	
simulated.	Three-cell	correlation	functions,	but	not	two-cell	correlation	functions,	are	sufficient	to	infer	
the	full	dynamics	with	arbitrary	accuracy,	with	increasing	number	of	observations.		The	deviation	of	the	





blue	 arrows)	 and	 individual	 cytoplasmic	 mRNA	 molecules	 (dimmer	 dots).	 This	 indicates	 successful	
homozygous	 targeting	of	 the	Esrrb	 locus.	 	 (B)	Esrrb	promoter	activity	(PA)	extracted	 from	the	 final	cell	
cycle	of	movies	before	 fixation	(see	Methods)	correlates	well	with	Esrrb	 transcript	count	at	 final	 time-
point	 (r=0.71),	measured	by	 smFISH	 (left).	Note	 that	1-Actin,	 a	negative	 control,	 shows	much	weaker	
correlation	 (r=0.31)	 with	 Esrrb	 promoter	 activity	 (right).	 (C)	 In	 order	 to	 sort	 cells	 and	 independently	
validate	the	inferred	chain-like	dynamics	with	movies,	we	constructed	a	second	cell	line	containing	non-
perturbing	reporters	for	Esrrb	and	Tbx3	(schematic,	see	methods	for	knock-in	construction).	This	line	was	
validated	 by	 checking	 for	 co-localization	 of	mCitrine	transcripts	 with	 Tbx3	 transcripts	(i)	














repeated	 the	 same	 analysis	 as	 in	 Fig.	 4E,F	 and	 inferred	 the	 transition	 rate	matrix	 from	 the	 observed	








(evaluated	 at	 threshold	 15)	 computed	 using	 the	 Frobenius	 distance	 of	 the	 two	 matrices;	 Frobenius	










the	 normalized	 deviation	 between	 the	 transition	matrices	 inferred	 using	 various	 thresholds	 from	 the	



















chain	 for	 14	 trees	 of	 4	 generations	 each.	 We	 discarded	Tbx3	 and	 Zscan4	information,	 and	
assigned	each	cell	to	 a	state	only	 based	 on	 its	Esrrb	 level.	 KCA	 was	 used	 to	 infer	the	 transition	 rates	
between	 the	two	composite	 Esrrb	states.	 Simulations	 were	 repeated	 10,000	 times	 to	 estimate	 the	
statistical	error	of	the	inferred	rates.	Note	that	inferred	rates	were	consistent	with	measured	rates	for	
Esrrb	dynamics	(Fig.	2Eiv)	(blue	line	indicates	low	to	high	transition	rate,	and	red	line	indicates	high	to	low	



















using	 the	 observed	 trees	 (Figure	 S4).	 The	 third	 column	shows	 the	 corresponding	 statistical	error	
(fractional	error	of	each	entry)	in	the	rightmost	column.	Notice	that	the	predicted	three-cell	correlation	
functions	are	consistent	with	the	observed	three-cell	correlation	functions,	validating	the	inferred	chain.	












number	 of	 generations	 that	 had	 elapsed	 since	 its	most	 recent	 ancestor	 left	 that	 state.	 From	 this,	we	
computed	the	distribution	of	"waiting	times"	between	consecutive	visits	to	the	green	state	for	each	type	
of	 network	 (blue	 bar	 plot).	 As	 expected,	 the	mean	 waiting	 time	 (blue	 line)	 is	 the	 same	 for	 all	 three	
networks.	The	transition	rates	were	selected	to	ensure	that	the	flux	of	cells	into	the	green	state	and	the	
population	fractions	are	the	same	across	the	networks,	also	ensuring	identical	mean	waiting-times.	The	
distribution	of	waiting-times,	however,	differs	significantly	between	the	networks.	In	particular,	the	chain-
like	linear	network	exhibits	the	smallest	median	(red	line),	implying	that	most	cells	in	the	population	have	
visited	the	green	states	relatively	recently,	at	the	expense	of	a	minority	that	have	experienced	larger	than	
average	waiting-times.	Assuming	that	visiting	the	green	state	enhances	the	viability	of	the	cells,	this	could	
be	beneficial	for	the	culture	as	a	whole.	
